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Preface

September 2022

Ventilation is a big part of the energy consumption in
buildings. Going towards a carbon neutral built environment,
it is important to reduce the energy consumption of buildings
and therefore also the ventilation energy. On the other hand
ventilation is crucial in creating healthy and comfortable
buildings.

Apart from the energy spent for heating, cooling and (de)
humidifying the supply air, the biggest part of the energy
usage for ventilation is what the central fan consumes

for creating enough pressure to get fresh air through the
building. Low-pressure ventilation is the key to reduce energy
consumption. Nowadays mechanical ventilation systems are
often designed with a standard approach, without considering
site-related opportunities or needs, let alone alternative
strategies, technologies and architectural integration. This
leads to oversized or even unnecessary components and
results in unesthetic additions to the architectural design and
high energy consumption.

We see low-pressure ventilation as the opportunity to make
an integral, sustainable design. Together with the architect
we design a ventilation concept based on the site, building
usage and architectural vision. The different components are
an integrated part of the design. With this approach we give
ventilation the space that it needs for optimal performance
with minimal energy consumption.

The objective of this publication is to offer a compendium of
many viable design solutions for reducing the fan energy in
ventilation systems of new and existing buildings. We want to
provide a brief and inspirational handbook for different kinds
of professionals in the building industry, also without prior
knowledge of ventilation systems.

The text is addressed to architects, designers, engineers and
real-estate developers who want to know more about the
topic of low-pressure ventilation. This booklet is the result

of a collaboration between ABT and the Faculty of Applied
Engineering and Design Sciences of University of Antwerp.
We hope that by disseminating this information, the design
of low-pressure systems will become common practice and
together we will work on integrated, healthy and sustainable
buildings.

Special thanks goes to dr. Ben Bronsema and Prof. Ulrich
Knaack.






Introduction



While the energy consumption
for heating, cooling and lighting
becomes smaller every yearr,

the electric energy use for fans
hardly shows any reduction

and becomes a dominant factor
In the total energy use of these
buildings.

For reaching energy neutrality,
the fan energy consumption must
be drastically reduced.

Low-pressure ventilation systems
are the solution!



Ol | Introduction

Designing buildings with low-
pressure ventilation systems can lead
to large energy savings. However, the
practice seems unknown to many
professionals, both in the field of
architectural design, engineering and
construction. The reason does not
only lie in financial arguments, but

is based in a much broader range of
barriers. Of course, the unfamiliarity
and knowledge gap of how to design
low-pressure systems is a relevant
stumbling block, but also the “wish
to control” the air flow, the IAQ and
the comfort conditions results in
installations that are fully equipped.
All kinds of provisions are foreseen
that filter, heat, cool, humidify,
recover the heat and control the air.
And this ends up in the well-known
high-pressure system, that needs to
be equipped with big fans to provide
the air in the right places.

On the other hand, architects are
often oblivious of the importance

of integrating ventilation strategies
in the design of the building

itself and exploiting local climate
related opportunities. To come to a
serious reduction in fan energy for
ventilation, the above described circle
has to be broken.

During the last decades big steps
have been made towards designing

and realising energy neutral buildings.

Due to the increased energy
performance requirements, all kinds
of energy saving technologies have
been developed and implemented in
the design and construction of new
buildings. The list of developments
that are relatively new is long and
ranges from improved insulation

materials and high-performance
glazing to LED lighting, all kinds of
heat recovery systems and improved
heat and cold generation appliances.
Also in the field of ventilation
substantial progress has been made
compared to the situation of a couple
of decades ago, e.g. the improved air
tightness of buildings and systems,
the development of heat recovery
systems for ventilation and the
development of demand-controlled
ventilation (based on sensor
technologies) has led to a substantial
energy reduction.

Despite the large list of developments
and improvements of energy saving
technologies, we see specifically for
the larger non-residential buildings
that the electric energy use for fans
hardly showed any reduction and
becomes a dominant factor in the
total energy use of these buildings.
The average fan energy consumption
is estimated as approximately 15-20%
of the total building related energy
[21], but other sources in literature
propose even higher values, such as
30-40% [8].

This booklet offers a series of design
solutions for reducing the fan energy
in ventilation systems of new and
existing buildings. The intention is
to help designers, engineers and
installers in daily practice pick up the
(new) knowledge and see alternatives
to the well-known traditional way
of designing and realizing add-on
mechanical ventilation systems with
little to no architectural integration.






Three main solutions can be
identified for achieving a low-pressure
ventilation system:

1) improved mechanical ventilation
systems

2) hybrid systems

3) natural ventilation systems.

The first consist of conventional
ventilation systems, which are
100% mechanical and make use

of traditional fans; however, each
component of the systems is
designed in order to minimize the
flow resistance, advanced control
techniques are used or alternative
methods for distributing the air in
the building. The second ones are
mixed-mode systems which make
use of both natural and mechanical
ventilation, with a consequent
reduction of the fan energy. The
third are systems which fully rely on
natural forces and do not make use
of a fan.

The present booklet will focus on
the first two approaches and will
not treat fully natural ventilation.
The objective is to provide design
advices on how to reduce the fan

energy in traditional and hybrid
ventilation systems and to show how
the problem can be addressed with a
holistic design approach, integrating
low-pressures systems in the building
design.

Chapter | provides some general
explanation of what the flow
resistance is and how it affects

the fan energy consumption. An
introduction on methods for reducing
the fan energy is provided, as well as
a way to classify different mechanical
and hybrid systems. The chapter
ends with a description of the design
philosophy and a series of real design
examples.

Chapter 2 gives a brief technical
description of the components of a
traditional mechanical system.

Chapter 3 describes different ways to
reduce the fan energy in mechanical
systems.

Chapter 4 is focused on hybrid
ventilation systems and the use of
local natural forces.

Room heating |

| 27%¢

Hot water |:| 5%¢
Ventilation heating |:| 5% ¢

Ventilation cooling I:I S%l

Local cooling El 2%¢

Lighting |

| 19%$

Equipment |

Pumps I:I 6%¢

| 11%¢

Figure 1. Energy consumption in large non-residential buildings
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Figure 2. Examples of poor integration of the ventilation system with the building.
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